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MICROSPHERES 

The present invention relates to thermally expandable thermoplastic 
microspheres and a process for the production thereof. 

Expandable thermoplastic microspheres comprising a thermoplastic polymer 
5 shell and a propellant entrapped therein are commercially available under the trademark 
EXPANCEL® and are used as a foaming agent in many different applications: 

In such microspheres, the propellant is normally a liquid having a boiling 
temperature not higher than the softening temperature of the thermoplastic polymer shell. 
Upon heating, the propellant evaporates to increase the internal pressure at the same 
10 time as the shell softens, resulting in significant expansion of the microspheres. The 
temperature at which the expansion starts is called T sta rt, while the temperature at which 
maximum expansion is reached is called T max . 

Expandable microspheres can . be produced by polymerising ethylenically 
unsaturated monomers in the presence of a propellant. Detailed descriptions of various 
15 expandable microspheres and their production can be found in, for example, 
US 3615972, US 3945956, EP 486080, US 5536756, US 6235800, US 6235394, 
US 6509384 and US-A1 -2002/01 32100. 

It has been found that microspheres produced according to the above methods 
may contain unreacted monomers. Some monomers frequently used, such as 
20 acrylonitrile, are toxic, and the residual content thereof should preferably be kept low. 

US 4147845 discloses a method for reducing the amount of residual monomers 
in the microspheres by treatment with a polymerisation initiator. 

US 4287308 discloses a method for eliminating remaining acrylonitrile monomer 
by subjecting the microspheres to cyanoethylation, using a compound such as those 
25 selected from the group consisting of primary amine, secondary amine, primary 
alkanolamine, secondary alkanolamine, secondary alkylalkanolamine and sodium sulfide. 

US 3998797 discloses a process for producing a co-polymer of styrene and 
acrylonitrile involving treatment of the co-polymer with an alkaline sulfide or disulfide to 
react with residual acrylonitrile monomers. 
30 US 4255307 discloses a process for reducing residual acrylonitrile in water 

dispersions of acrylonitrile polymers with alkali or ammonium sulfite. 

US 2960486 discloses a method for reducing the residual acrylamide monomer 
content of an acrylamide polymer, which comprises forming an aqueous solution of said 
polymer and incorporation therein as the sole added reactive ingredient a sulfite. 
35 US 3780006 discloses a process for removing residual monomeric acrylamide 

from a polymer of acrylamide, which comprises contacting said polymer under neutral or 
acidic conditions with sulfur dioxide in the substantial absence of other substances 
reactive with sulfur dioxide. 

However, it has been found that even if it is possible to obtain microspheres with 
40 reasonably low levels of acrylonitrile, there may still remain unsatisfactory amounts of 
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other monomers, like methacrylonitrile and/or methyl methacrylate that sometimes are 
used for producing microspheres. Furthermore, the microspheres may become 
discoloured, which is a significant disadvantage in many applications. 

It has now surprisingly been found that certain oxo acids of sulfur, or salts or 
5 derivatives thereof, may be used for removing residual monomers, such as one or more 
of acrylonitrile, methacrylonitrile and methyl methacrylate, from thermoplastic 
microspheres without causing significant problems with discolouration. 

Thus, one aspect of the invention concerns a process for the production of 
expandable thermoplastic microspheres comprising a step of contacting microspheres 

10 comprising a thermoplastic polymer shell encapsulating a propellant and further 
comprising residual monomers, with an agent reacting directly or indirectly with at least 
part of said residual monomers, wherein said agent is selected from the group consisting 
of oxo acids of sulfur, salts and derivatives thereof, comprising at least one sulfur atom 
having at least one free electron pair and binding three oxygen atoms. 

15 The invention also concerns use of an agent selected from the group consisting 

of oxo acids of sulfur, salts and derivatives thereof, and comprising at least one sulfur 
atom having at least one free electron pair and binding three oxygen atoms, for 
eliminating or reducing the amount of residual monomers from expandable thermoplastic 
microspheres comprising a thermoplastic polymer shell encapsulating a propellant. 

20 The agent may be added as such or be formed in situ through one or more 

chemical reactions from a precursor. Suitable agents include bisulfites (also called 
hydrogen sulfites), sulfites and sulfurous acid, of which bisulfites and sulfites are 
preferred. Suitable counter ions include ammonium and mono- or divalent metal ions 
such as alkali metal and alkaline earth metal ions. Most preferred are sodium, potassium, 

25 calcium, magnesium and ammonium. Also organic compounds comprising any of the 
above groups may be used, such as alkyl sulfites or dialkyl sulfites. Particularly preferred 
agents are dimethyl sulfite, sodium bisulfite, sodium sulfite, and magnesium bisulfite. 

Examples of precursors include sulfur dioxide, sulfonyl chloride, disulfites (also 
called metabisulfites or pyrosulfites), ditionites, ditionates, sulfoxylates, e.g. of sodium, 

30 potassium or other counter ions as defined above. Preferred precursors are sulfur 
dioxide, disulfites and ditionites. Particularly preferred precursors are sodium 
metabisulfite, potassium metabisulfite and sodium ditionite. To the extent corresponding 
acids exist, they are also useful. The precursors can easily can react to form an active 
agent as defined above, e.g. by redox reactions and/or by simply being dissolved in an 

35 aqueous medium. 

It has been found that an agent as defined above reacts directly or indirectly with 
monomers without negatively affecting important properties of the microspheres, such as 
the degree of expansion that can be achieved. Furthermore, reaction products remaining 
on or in the microspheres are less toxic than e.g* acrylonitrile and do not cause any 

40 significant problem of discolouration. 
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The thermoplastic polymer shell of the expandable microspheres to be contacted 
with the agent is suitably made from homo- or co-polymers obtained by polymerising 
various ethylenically unsaturated monomers, which to some extent will remain unreacted. 
Those monomers can, for example, be nitrile containing monomers such as acrylonitrile, 
5 methacrylonitrile, ot-chloroacrylonitrile, cc-ethoxyacrylonitrile, fumaronitrile or crotonitrile; 
acrylic esters such as methyl acrylate or ethyl acrylate; methacrylic esters such as methyl 
methacrylate, isobornyl methacrylate or ethyl methacrylate; vinyl halides such as vinyl 
chloride; vinylidene halides such as vinylidene chloride; vinyl pyridine; vinyl esters such 
as vinyl acetate; styrenes such as styrene, halogenated styrenes or a-methyl styrene; or 

10 dienes such as butadiene, isoprene and chloroprene. Any mixtures of the above 
mentioned monomers may also be used. 

Preferably the monomers comprise at least one of acrylonitrile, methacrylonitrile 
and methyl methacrylate. Most preferably the monomers comprise at least one of 
acrylonitrile and methacrylonitrile, particularly most preferably both. The total amount of 

15 acrylonitrile in the polymer shell is preferably from about 1 up to 100 wt%, most preferably 
from about 20 to about 80 wt%. The total amount of methacrylonitrile in the polymer shell 
may be from 0 up to 100 wt%, preferably from about 1 up to 100 wt%, most preferably 
from about 20 to about 80 wt%. The total amount of methyl methacrylate in the polymer 
shell may be from 0 up to 100 wt%, preferably from about 1 up to 100 wt%, most 

20 preferably from about 2 to about 80 wt%. 

The present invention is particularly advantageous when the total amount of 
nitrile containing monomers used for the polymer shell is at least about 60 wt%, 
preferably at least about 70 wt%, more preferably at least about 80 wt%, most preferably 
at least about 90 wt%, particularly most preferably at least about 95 wt%. 

25 The residual monomers on or in the expandable microspheres may be any one 

that is used for the polymer shell. 

It may sometimes be desirable that the monomers for the polymer shell also 
comprise crosslinking multifunctional monomers, such as one or more of divinyl benzene, 
ethylene glycol di(meth)acrylate, di(ethylene glycol) di(meth)acrylate, triethylene glycol 

30 di(meth)acrylate, propylene glycol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6- 
hexanediol di(meth)acrylate, glycerol di(meth)acrylate, 1,3-butanediol di(meth)acrylate, 
neopentyl glycol di(meth)acrylate, 1,10-decanediol di(meth)acrylate, pentaerythritol 
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, triallylformal tri(meth)acrylate, allyl 
methacrylate, trimethylol propane tri(meth)acrylate, tributanediol di(meth)acrylate, PEG 

35 #200 di(meth)acrylate, PEG #400 di(meth)acrylate, PEG #600 di(meth)acrylate, 3- 
acryloyloxyglycol monoacrylate, triacryl formal, triallyl isocyanate, triallyl isocyanurate etc. 

Preferably the polymer shell constitutes from about 60 to about 95 wt%, most 
preferably from about 70 to about 85 wt% of the total microsphere. If present, crosslinking 
multifunctional monomers preferably constitute from about 0.1 to about 10 wt%, most 
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preferably from about 0.1 to about 1 wt%, particularly most preferably from about 0.2 to 
about 0.5 wt% of the total amounts of monomers for the polymer shell. 

The propellant is normally a liquid having a boiling temperature not higher than 
the softening temperature of the thermoplastic polymer shell and may comprise 
5 hydrocarbons such as n-pentane, isopentane, neopentane, butane, isobutane, hexane, 
isohexane, neohexane, heptane, isoheptane, octane or isooctane, or mixtures thereof. 
Aside from them, other hydrocarbon types can also be used, such as petroleum ether, or 
chlorinated or fluorinated hydrocarbons, such as methyl chloride, methylene chloride, 
dichloroethane, dichloroethylene, trichloroethane, trichloroethylene, 

10 trichlorofluoromethane, perfluorinated hydrocarbons, etc. The boiling point at atmospheric 
pressure may be within a wide range, preferably from about -20 to about 150°C, most 
preferably from about -20 to about 100°C. The propellant suitably makes up from about 5 
to about 40 wt % of the microsphere. 

Apart from the polymer shell and the propellant the microspheres may comprise 

15 further substances added during the production thereof, normally in an amount from 
about 1 to about 20 wt%, preferably from about 2 to about 10 wt%. Examples of such 
substances are solid suspending agents, such as one or more of silica, chalk, bentonite, 
starch, crosslinked polymers, methyl cellulose, gum agar, hydroxypropyl methylcellulose, 
carboxy methylcellulose, colloidal clays, and/or one or more salts, oxides or hydroxides of 

20 metals like Al, Ca, Mg, Ba, Fe, Zn, Ni and Mn, for example one or more of calcium 
phosphate, calcium carbonate, magnesium hydroxide, barium sulphate, calcium oxalate, 
and hydroxides of aluminium, iron, zinc, nickel or manganese. If present, these solid 
suspending agents are normally mainly located to the outer surface of the polymer shell. 
However, even if a suspending agent has been added during the production of the 

25 microspheres, this may have been washed off at a later stage and could thus be 
substantially absent from the final product. 

The expandable microspheres as described above, comprising residual 
monomers, are suitably produced by polymerising ethylenically unsaturated monomers in 
a preferably aqueous suspension in the presence of a propellant to yield microspheres 

30 comprising a homo- or co-polymer shell entrapping said propellant. The methods 
disclosed in the earlier mentioned US 3615972, US 3945956, EP 486080, US 5536756, 
US 6235800, US 6235394 and US 6509384 are all applicable. 

In a preferred batchwise procedure for producing expandable microspheres, the 
polymerisation is conducted as described below in a reaction vessel. For 100 parts of 

35 monomer phase (suitably including monomers and propellant), one or more 
polymerisation initiator, preferably in an amount from about 0.1 to about 5 parts, aqueous 
phase, preferably in an amount from about 100 to about 800 parts, and one or more 
preferably solid colloidal suspending agent, preferably in an amount from about 1 to 
about 20 parts, are mixed and homogenised. The monomers may be added all at once or 

40 in portions, added to the mixture at any time from the start to the late stages of the 
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polymerisation. If more than one kind of monomers are used, it may sometimes be 
favourable to add the different kinds of monomers at different stages. The temperature 
may be maintained substantially constant or be varied during the polymerisation, example 
be increased or decreased during various phases. The temperature profiles are suitably 
5 maintained from about 40 to about 90°C, preferably from about 50 to about 80°C. The 
suitable pH depends on the suspending agent used. For example, alkaline pH, preferably 
from about 7 to about 12, most preferably from about 8 to about 10, is suitable if the 
suspending agent is selected from salts, oxides or hydroxides of metals like Al, Ca, Mg, 
Ba, Fe, Zn, Ni and Mn, for example one or more of calcium phosphate, calcium 

10 carbonate, chalk, magnesium hydroxide, barium sulphate, calcium oxalate, and 
hydroxides of aluminium, iron, zinc, nickel or manganese. Acidic pH, preferably from 
about 1 to about 6, most preferably from about 3 to about 5, is suitable if the suspending 
agent is selected from silica, bentonite, starch, methyl cellulose, gum agar, hydroxypropyl 
methylcellulose, carboxy methylcellulose, colloidal clays. Each one of the above agents 

15 have different optimal pH, depending on solubility data. 

In order to enhance the effect of the suspending agent, it is also possible to add 
small amounts of one or more promoters, for example from about 0.001 to about 1 wt%. 
Usually, such promoters are organic materials and may, for example, be selected from 
one or more of water-soluble sulfonated polystyrenes, alginates, carboxymethylcellulose, 

20 tetramethyl ammonium hydroxide or chloride or water-soluble complex resinous amine 
condensation products such as the water-soluble condensation products of 
diethanolamine and adipic acid, the water-soluble condensation products of ethylene 
oxide, urea and formaldehyde, polyethylenimine, polyvinylalcohol, polyvinylpyrrolidone, 
amphoteric materials such as proteinaceous, materials like gelatin, glue, casein, albumin, 

25 glutin and the like, non-ionic materials like methoxycellulose, ionic materials normally 
classed as emulsifiers, such as soaps, alkyl sulfates and sulfonates and the long chain 
quaternary ammonium compounds. 

Conventional radical polymerisation may be used and initiators are suitably 
selected from one or more of organic peroxides such as dialkyl peroxides, diacyl 

30 peroxides, peroxy esters, peroxy dicarbonates, or azo compounds. Suitable initiators 
include dicetyl peroxy dicarbonate, tert-butyl cyclohexyl peroxy dicarbonate, dioctanyl 
peroxide, dibenzoyl peroxide, dilauroyl peroxide, didecanoyl peroxide, 2,5-dimethyl-2,5- 
di(2-ethylhexanoylperoxy)hexane, 1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate, tert- 
butyl peracetate, tert-butyl perlaurate, tert-butyl perbenzoate, tert-butyl hydroperoxide, 

35 cumene hydroperoxide, cumene ethylperoxide, diisopropyl hydroxy dicarboxylate, azo-bis 
dimethyl valeronitrile, azo-bis isobutyronitrile, azo-bis (cyclo hexyl carbonitrile) and the 
like. It is also possible to initiate the polymerisation with radiation, such as high energy 
ionising radiation. 

When the polymerisation is essentially complete, microspheres are normally 
40 obtained as an aqueous slurry or dispersion, which can be dewatered by any 
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conventional means, such as bed filtering, filter pressing, leaf filtering, rotary filtering, belt 
filtering or centrifuging, and then dried by any conventional means, such as spray drying, 
shelf drying, tunnel drying, rotary drying, drum drying, pneumatic drying, turbo shelf 
drying, disc drying orfluidised bed-drying. 
5 During the step of contacting the microspheres with the agent for reacting with 

residual monomers, the microspheres are preferably in the form of an aqueous slurry or 
dispersion, preferably comprising from about 0.1 to about 50 wt% microspheres, most 
preferably from about 0.5 to about 40 wt% microspheres, while the agent is preferably 
dissolved in the liquid phase, preferably at a concentration from about 0.1 wt% up to the 

10 saturation limit, most preferably from about 1 to about 40 wt%. However, the 
microspheres could alternatively be suspended in any other liquid medium which 
dissolves the agent, or mixtures thereof. Preferably, the slurry or dispersion originates 
from the polymerisation mixture in which the microspheres have been produced. 

Without being bound to any theory, it is believed that addition of an agent or 

15 precursor as earlier defined result in a solution comprising sulfite or bisulfite, which in turn 
reacts with the monomers. 

The amount of agent, expressed as moles sulfur atoms having at least one free 
electron pair and binding three oxygen atoms, compared to the molar amount of residual 
monomers, is preferably at least about equimolar, more preferably from about equimolar 

20 to about 200% excess, most preferably from about equimolar to about 50% excess on a 
molar basis, particularly most preferably from about equimolar to about 25% excess on a 
molar basis. If the slurry or dispersion originates from the polymerisation mixture and thus 
contains residual monomer also in the liquid phase, these monomers have to be taken 
into account in addition to those present in or on the microspheres. 

25 The agent or precursor for the agent reacting with residual monomers may be 

added during the production of the microspheres, optionally when the polymerisation still 
is running, although it is preferred that at the time for addition of the agent or precursor 
the polymerisation is almost complete and less than 15 % preferably less than 10% 
residual monomers remain. The agent or precursor is preferably added when the 

30 microspheres has formed but still are in a slurry or dispersion and most preferably when 
they still are in the same reaction vessel as the polymerisation has been conducted in. 

Alternatively, the agent or precursor may be added to the microspheres in a 
separate step after the microspheres have been removed from the polymerisation 
reactor, optionally after any of subsequent operations such as dewatering, washing or 

35 drying. The non-treated microspheres comprising residual monomers could then be 
regarded as an intermediate product, which optionally can be transported to another 
location and there being brought into contact with the agent for removing residual 
monomers. 

In any of the above options, the agent or precursor may be added all at once or 
40 in portions. 
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In addition to the above described agent or precursor, also a polymerisation 
initiator may be added, preferably a water-soluble initiator such as hydrogen peroxide, 
ammonium or potassium or sodium persulfates, hydroperoxides, cyclohexanon peroxide 
or methyl isobutyl ketone. It is also possible to add sulfate or any other salt of transition 
metal ions such as Fe 2+ , Ag + , Ti 3+ or Cu + , optionally together with a polymerisation 
initiator such as those mentioned above. 

The pH during the step of contacting the microspheres with the agent is 
preferably from about 3 to about 12, most preferably from about 3.5 to about 10. The 
temperature during said step is preferably from about 20 to about 100°C, most preferably 
from about 50 to about 100°C, particularly most preferably from about 60 to about 90°C. 
The pressure during said step is preferably from about 1 to about 20 bar (absolute 
pressure), most preferably from about 1 to about 15 bar. The time for said step is 
preferably at least about 5 minutes, most preferably at least about 1 hr. There is no 
critical upper limit, but for practical and economic reasons the time is preferably from 
about 1 to about 10 hours, most preferably from about 2 to about 5 hours. After said step, 
the microspheres preferably are dewatered, washed and dried by any suitable 
conventional means. 

The invention further concerns expandable thermoplastic microspheres 
obtainable by the above method. These microspheres have both high brightness and low 
content of residual monomers. They may also comprise reaction products formed during 
the process. 

The invention thus also concerns expandable thermoplastic microspheres 
comprising a thermoplastic polymer shell encapsulating a propellant and further 
comprising at least one non-polymeric reaction product of at least one monomer used for 
the polymer shell and an agent selected from the group consisting of oxo acids of sulfur, 
salts and derivatives thereof, comprising at least one sulfur atom having at least one free 
electron pair and binding three oxygen atoms. Regarding preferred agents and 
monomers the above description of the process of the invention is referred to. 

The invention further concerns expandable thermoplastic microspheres 
comprising a thermoplastic polymer shell encapsulating a propellant and further 
comprising at least one reaction product selected from the group consisting of salts and 
derivatives of sulfonic acid anion as defined in any one of the Formulas I or II: 




35 



where R A is a nitrile, carboxy ester, carboxy amide, carboxy acid or aryl group, and R 2 
and R 3 , independently of each other, is hydrogen or an alkyl group, preferably having 
from 1 to 4 carbon atoms; 
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where R A is a nitrile, carboxy ester, carboxy amide, carboxy acid or aryl group, R 2 is a 
hydrogen or alkyl group, preferably having from 1 to 4 carbon atoms, and M x+ is a cation 
5 having a valency of x (in most cases 1 or 2), preferably anyone of sodium, potassium, 
magnesium or ammonium. 

Examples of substances according to Formula I are 2-cyano-ethanesulfonic acid, 
2-cyano-2-methyl-ethanesulfonic acid, 2-aryl-ethanesulfonic acid, 2-methoxycarbonyl- 
ethanesulfonic acid, 2-methoxycarbonyl 2-methyl-ethanesulfonic acid, 2-carboxy- 

10 ethanesulfonic acid, 2-carbamoyl-ethanesulfonic acid, 2-cyano-ethanesulfonic acid 
methyl ester, 2-cyano-2-methyl-ethanesulfonic acid methyl ester, 2-methoxycarbonyl- 
ethanesulfonic acid methyl ester, 2-methoxycarbonyl-2-methyl-ethanesulfonic acid methyl 
ester and 2-carboxy-ethanesulfonic acid methyl ester. Examples of substances according 
to Formula II are sodium, potassium, magnesium and ammonium salts of 2-cyano- 

1 5 ethanesulfonate, 2-cyano-2-methyl-ethanesulfonate, 2-aryl-ethanesulfonate, 2- 
methoxycarbonyl-ethanesulfonate, 2-methoxycarbonyl 2-methyl-ethanesulfonate, 2- 
carboxy-ethanesulfonate, and 2-carbamoyl-ethanesulfonate. 

The expandable microspheres of the invention are preferably essentially white, 
preferably having a brightness according to ISO 2470 of at least about 70%, more 

20 preferably at least about 75%, most preferably at least about 79%, particularly most 
preferably at least about 85%. Through the invention it is possible to obtain microspheres 
with as high brightness as about 90% or 95%, or even almost 100%. 

The expandable microspheres of the invention preferably comprises less than 
about 400 ppm, more preferably less than about 200 ppm, most preferably less than 

25 about 100 ppm, particularly most preferably less than about 60 ppm, optimally less than 
about 30 ppm of residual nitrile containing monomers. For acrylonitrile, the amount of 
residual monomer is preferably below about 100 ppm, most preferably below about 30 
ppm, particularly most preferably below about 15 ppm. For methacrylonitrile the amount 
of residual monomer is preferably below about 200 ppm, more preferably below about 

30 100 ppm, most preferably below about 30 ppm, particularly most preferably below about 
15 ppm. Methyl methacrylate is less harmful and higher residual content thereof can be 
tolerated. The amount of residual methyl methacrylate monomer is preferably below 
about 400 ppm, most preferably below about 200 ppm, particularly most preferably below 
about 100 ppm. 

35 It has not previously been possible to produce expandable thermoplastic 

microspheres having both high brightness and low residual monomer content, particularly 
not microspheres made from a high amount of nitrile containing monomers. 
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The invention thus also concerns expandable thermoplastic microspheres 
comprising a thermoplastic polymer shell encapsulating a propellant, said polymer shell 
being made of a homo- or co-polymer from ethylenically unsaturated monomers, said 
microspheres comprising less than about 100 ppm, preferably less than about 60 ppm, 
5 particularly most preferably less than about 30 ppm residual nitrile containing monomers 
and having a brightness according to ISO 2470 of at least about 75%, preferably at least 
about 79%, most preferably at least about 85%. The total amount of nitrile containing 
monomers for the polymer shell is preferably at least about 70 wt%, more preferably at 
least about 80 wt%, most preferably at least about 90 wt%, particularly most preferably at 

10 least about 95 wt%. The nitrile containing monomers preferably comprises at least one of 
acrylonitrile and methacrylonitrile, most preferably at least acrylonitrile, particularly most 
preferably both acrylonitrile and methacrylonitrile. 

The unit "ppm" as used herein always refers to ppm on a weight basis. 

The brightness refer to true values obtained without any glass or other sample 

15 holder reducing the measured reflectance. 

The expandable microspheres of the invention preferably have T sta rt within the 
range of from about 50 to about 200°C, most preferably from about 70 to about 200°C, 
while T max suitably is within the range of from about 75 °C to about 300°C, preferably from 
about 100 to about 250°C. 

20 The volume weighted average particle size of the expandable microspheres is 

suitably from about 1 to about 500 pm, preferably from about 1 to about 200 pm, most 
preferably from about 3 to about 100 pm, particularly most preferably from about 5 to 
about 50 |jm. By heating to a temperature above T 8t art, it is normally possible to expand 
the microspheres from about 2 to about 7 times, preferably from about 4 to about 7 times, 

25 their diameter. 

Regarding other aspects of the microspheres of the invention, such as suitable 
and preferred composition of the polymer shell, propellant, etc, it is referred to applicable 
parts of the description of the process for their preparation. 

The expandable microspheres of the invention can be used as a foaming agent 

30 in a wide range of applications, including printing inks, putties, sealants, underbody 
coatings, adhesives, artificial leather, genuine leather, paint, non-woven materials, paper 
and board, coatings for paper and board, explosives, cable insulations, plastisols, 
thermoplastics (such as polypropylene, polyethylene, polystyrene, polyvinyl chloride, 
ethylene-vinylacetate, acrylonitrile-butadiene-styrene) or thermoplastic elastomers (such 

35 as styrene-ethylene-butene-styrene thermoplastic elastomer, styrene-ethylene-butene- 
styrene thermoplastic elastomer, thermoplastic polyurethanes, thermoplastic polyolefins), 
styrene-butadiene rubber, vulcanised rubber, silicone rubbers, thermosetting polymers 
(such as epoxies, polyurethanes and polyesters). The microspheres have been found to 
be particularly advantageous for use as a foaming agent in applications involving high 

40 temperatures, such as in many working methods of thermoplastics and thermoplastic 
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elastomers, where it has been found possible to achieve both high expansion and low 
degree of discolouration. Such working methods for thermoplastics and thermoplastic 
elastomers are, for example, calendering, injection moulding, extrusion, blow moulding or 
rotational moulding. 

5 The invention will now be further illustrated with the following examples, which, 

however, not should be interpreted as limiting the scope of the invention. If not otherwise 
stated, all parts and percentages refer to parts and percent by weight. 

In all the Examples the brightness of the microspheres has been measured 
according to ISO 2470 with a Zeiss Elrepho Reflectometer; measurement of diffuse blue 
10 reflectance factor, light with a wavelength of 457 nm and using reference paper 59,65. 
However, due to the need of a sample holder for powders, the reflectance of the 
microspheres could only be measured through a glass disc, giving a decrease of the 
reflectance of about 11 % (units of percent). Thus, the numbers in Tables 1-4 are given 
with the reduction of the reflectance included, meaning that the true values for the 
15 brightness are about 1 1 units of percent higher. 

The pH given in Tables 1 and 2 refer to the approximate values when the 
reactions start. 

Example 1 : An aqueous dispersion of expandable microspheres, stabilised with 
magnesium hydroxide colloidal particles, was prepared and polymerised as described in 

20 US 6509384. Acrylonitrile (ACN) and methacrylonitrile (MAN) were used as monomers 
and isopentane was used as blowing agent. After polymerisation, the residual content of 
acrylonitrile in the dispersion was about 11600-12400 ppm and the residual content of 
methacrylonitrile was about 200-400 ppm. 150 g of the dispersion was immersed into a 
250 ml glass container and 100 % molar excess of reactant relative acrylonitrile content 

25 (see Table 1) was added. The container was sealed and heated to 75°C for 5 hours. As a 
comparison, a blank was treated in the same way except adding reactant. After cooling, 
the microspheres were filtered, washed and dried. Thereafter the residual monomer 
content of the microspheres was measured by gas chromatography and the brightness 
was measured as stated above. Finally, it was tested if the degree of expansion or any 

30 other important properties had been negatively affected by the treatment. The results are 
shown in Table 1 . 
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Table 1 . Acrylonitrile-methacrylonitrile copolymer microspheres treated at 75°C for 
5 hours. Brightness of material before treatment is 68.8 %. 
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5 As shown above, it was found that all the tested agents and precursors of the invention, 
i.e. sulfites, bisulfites, ditionites and metabisulfites, gave a significant reduction of 
monomers with remaining high brightness of the microspheres. 

Example 2 : A dispersion was prepared and polymerised as described in 
Example 1. After polymerisation, the residual content of unreacted acrylonitrile in the 

10 dispersion was 11300-12400 ppm and the residual content of unreacted methacrylonitrile 
was 200 - 400 ppm. A sample was immersed into a 250 ml glass container and equimolar 
or 100 % molar excess of sodium metabisulfite (where acrylonitrile : sodium metabisulfite 
= 1:0.5 this represents equimolarity based on the number of sulfur atoms), or 100 % 
molar excess of sodium sulfite was added as reactant (see Table 2). The container was 

15 sealed and heated to 70-80°C for 5 hours. The reactions were run at pH 4.0 - 1 1 .3. As a 
comparison, a blank was treated in the same way except adding the reactant. After 
cooling, the microspheres were filtered, washed and dried. The residual monomer 
content and the brightness of the microspheres were measured as described in Example 
1 . The results are shown in Table 2. 
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Table 2 . Acrylonitrile-methacrylonitrile copolymer microspheres treated at various 
temperatures and pH for 5 hours. Brightness of material before treatment is 68.8 %. 
I = Sodium metabisulfite; II = Sodium sulfite 



Reactant 


Tpmn 

1 Wl 'If-'' 


dH 


Molar ratio 
ACN:reactant 


Rpcirji jol 

ACN in 
microspheres 
(ppm) 


Ppcirli ia| 
i \ c oivjuai 

MAN in 

1 VI/ » I ^ III 

microspheres 
(ppm) 


Briahtness 

(%) 


| 


70 


9.9 


1 


0.5 


36 


121 


67.4 


| 


70 


6.4 


1 


1.0 


35 


101 


67.6 ! 


| 


75 


9.9 


1 


0.5 


<30 


49 


65.9 


| 


75 


6.4 


1 


1.0 


<30 


37 


66.7 j 


| 


80 


9.9 


1 


0.5 


<30 


<30 


64.3 i 




80 


6.4 


1 


1.0 


<30 


<30 


67.2 I 




75 


4.0 


1 


1.0 


<30 


333 


70.0 




75 


7.0 


1 


1.0 


<30 


140 


67.7 I 




75 


10.0 


1 


1.0 


<30 


148 


67.4 | 




75 


4.0 


1 


2.0 


<30 


286 


70.5 1 




75 


7.1 


1 


2.0 


<30 


181 


68.2 ] 




75 


10.1 


1 


2.0 


<30 


218 


55.5 | 




75 


11.3 


1 


2.0 


<30 


53 


53.4 


blank 


80 






8370 


281 


67.0 



5 



As shown above, the residual monomer content was found to decrease with increased 
temperature and increased amount of reactant. For acrylonitrile-methacrylonitrile 
copolymer microspheres, brightness is not reduced by the treatment with sodium 
metabisulfite. At very high pH-values (10.1 and 11.3), some discoloration could be seen 
10 for sodium sulfite. The expansion properties of the microspheres was not effected by the 
treatments. 

Example 3 : A dispersion, stabilised with magnesium hydroxide, was prepared 
and polymerised as described in Example 1, with the exception that acrylonitrile and 
methyl methacrylate (MMA) were used as monomers and isobutane as propellant. After 
15 polymerisation, the residual content in the dispersion of unreacted acrylonitrile was 6560 
ppm and the content of methyl methacrylate was 250 ppm. 150 g of the dispersion was 
immersed into a 250 ml glass container and equimolar, 220% or 440% excess of sodium 
metabisulfite was added. The container was sealed and heated to 60 or 70°C for 5 hours. 
The microspheres were analysed as in Example 1, and the results appear in Table 3. 



13 

Table 3 . Acrylonitrile-methyl methacrylate copolymer microspheres treated with sodium 
metabisulfite for 5 hours. Brightness of material before treatment is 76.4 %. 



Temperature 


Molar ratio 


Residual 


Residual 


Brightness 




ACN:reactant 


ACN in 


MMA in 


(%) 


co 






microspheres 


microspheres 










(ppm) 


(ppm) 




60 


1 


0,5 


<30 


685 


76.4 


60 


1 


1,6 


<30 


237 


78.1 


. 60 


1 


2.7 


<30 


184 


78.6 


70 


1 


0,5 


<30 


372 


75.2 


70 


1 


1,6 


<30 


71 


78.2 


70 


1 


2.7 


<30 


66 


78.4 



5 As shown above, it was found possible to reduce methyl methacrylate in addition to 
acrylonitrile. The expansion properties of the microspheres was not effected by the 
treatments. 

Example 4 : A dispersion, stabilised with silica colloid, was prepared essentially 
as described in Example 1 of US 3615972. Acrylonitrile and methyl methacrylate were 

10 used as monomers and isobutane was used as propellant. After polymerisation, the 
residual content in the dispersion of unreacted acrylonitrile was 13700 ppm and the 
content of methyl methacrylate was 380 ppm. 240 g of the dispersion was immersed into 
a 250 ml glass container and equimolar or 200 % molar excess of sodium metabisulfite 
was added. The container was sealed and heated to 50-70°C for 3 or 5 hours. The 

15 reaction was run at pH 4.6. As a comparison, a blank was treated in the same way except 
adding the reactant. The microspheres were analysed as in Example 1, and the results 
appear in Table 4. 

Table 4 . Acrylonitrile/methyl methacrylate copolymer microspheres treated at pH 4.6. 
Brightness of material before treatment is 73.1%. 
20 ~ 









Residual 


Residual 




Temperature 


Time 


Molar ratio 


ACN in 


MMA in 


Brightness 


(°C) 


(h) 


ACN: 


microspheres 


microspheres 


(%) 






reactant 


(ppm) 


(ppm) 




50 


5 


0.5 


107 


1400 


73.9 


50 


5 


1.5 


<30 


1130 


74.4 


60 


3 


1.0 


<30 


980 


74.2 


70 


5 


0.5 


< 30 


1120 


74.2 


70 


5 


1.5 


<30 


446 


75.0 


i 60 


3 


no reactant 


2700 


1490 


73.1 



As shown above, it was found possible to reduce methyl methacrylate in addition to 
acrylonitrile. The expansion properties of the microspheres was not effected by the 
treatments.. 



